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ABSTRACT 


Neotropical freshwater crabs have a wide distribution range from southern Mexico to Peru, including the entire Amazon 
basin and the Guianas. Among them, highland species of the genus Microthelphusa Pretzmann, 1968, have a very peculiar 
biogeography. Their distribution is insular and discontinuous, presenting considerable separation between them. Twelve 
species are found south of the Orinoco River, of which six are found in the Venezuelan Guayana, and of these, five are 
endemic to the highlands of the tepuis. In this paper I attempt to explain the distribution of the species of Microthelphusa 
and their occurrence in the upper elevations of the tepuis. 
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RESUMEN 


Los cangrejos de agua dulce neotropicales tienen un amplio rango de distribución desde el sur de México hasta Perú, 
incluida toda la cuenca del Amazonas y las Guayanas. Entre ellos, las especies de grandes altitudes del género Microthel- 
phusa Pretzmann, 1968, tienen una biogeografía muy peculiar. Su distribución es insular y discontinua, presentando una 
separación considerable entre ellos. Doce especies se encuentran al sur del río Orinoco, de las cuales seis se encuentran en 
la Guayana venezolana, y de estas, cinco son endémicas del altiplano de los tepuyes. En este artículo intento explicar la dis- 
tribución de las especies de Microthelphusa y su presencia en las elevaciones superiores de los tepuyes. 


Palabras clave: biogeografía, cangrejos dulceacuícolas, ciclo de taxones, distribución insular, Microthelphusa, Neotrópico, 


tepuyes. 
INTRODUCTION the Andes, the world's longest mountain range, which is 
the product of the slow subduction of the Nazca Plate be- 
The Amazon basin supports the greatest terrestrial neath the South American plate from the Late Cretaceous 
biodiversity (Wilson 1992, Webb 1995). But why this to the present. This has led to a gradual and differentiated 
singularity? Largely it is due to the complexity of the geo- uplift of the mountain ranges that concluded at the end of 
logical changes that the South American continent has the Miocene with the emergence of the Serrania de Perija 
undergone since its separation from Pangea during the and the Venezuelan Andes. This process differs markedly 
Lower Cretaceous and its gradual shift to its present posi- from the uprising of other mountain systems such as the 


tion (Shell de Venezuela & Creole Petroleum Corporation Alps, the Himalayas and the Rockies, which are the prod- 
1964, Gayet et al. 1992, Ruban et al. 2009). One of those uct of large clashes of continental masses (Weeks 1956, 
geological features that characterize South America are Harrington 1962, Ricardi 1987, Kroonenberg et al. 1990, 
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Andriessen ef al. 1993, Rossetti et al. 2005, Jaimes & de 
Freitas 2006, Ramos & Moreno 2006, Cardona Molina et 
al. 2006, Ramon & Rosero 2006, Cortés et al. 2006, Silva 
Tamayo et al. 2008, Leier et al. 2013). 

Another important feature is that the separation of 
South America from Africa was a slow process that ini- 
tially allowed the migration of species between the two 
continents for a long period and the slow formation of 
the South Atlantic (Iturralde-Vinent 2003, Allibon et al. 
2008, Dentzien-Dias et al. 2008, Brookfield et al. 2009, 
Woodburne 2010, Teixeira et al. 2019). At the end of this 
separation, the South American continent is positioned in 
a stable climatological zone, although the creation of the 
Atlantic produced great changes in the global climate and 
in the patterns of marine currents. From this moment on, 
the continent was subject to regressions and marine trans- 
gressions that at different times were modulated by the 
presence of the great continental cratons and the Andes. 
During the periods of marine transgressions the emerged 
lands acted as islands and “laboratories” for the diversifi- 
cation of species, which were dispersed and mixed during 
the marine regressions. The presence of the epicontinental 
seas had an overwhelming impact on the diversity of the 
continent's aquatic fauna, represented by a large number of 
species of fish, mammals, mollusks and crustaceans of di- 
rect marine origin, currently found in the Amazon and the 
eastern slopes of South America. This phenomenon is very 
interesting because as the Andes were lifted by pulses, they 
were framing the epicontinental sea, at first allowing con- 
nections between it and the Pacific, the Proto-Caribbean 
and the South Atlantic, and then gradually closing these 
portals, which created an immense estuary in which the 
marine forms were slowly evolving to their current fresh- 
water forms. The last growth pulse of the Andes at the 
end of the Miocene produced a dramatic change in this 
immense estuary, as it changed the direction of the flow 
of the Proto-Amazonas- Orinoco and gradually guided 
them to their current mouths. This drained the estuarine 
lake and created the current Amazon and Orinoco River 
basins (Haq et al. 1987, Habib & Miller 1989, Lundberg 
1992, Hoorn 1993, 1994, Rasanen 1995, Monsch 1998, 
Rull 1999, Hamilton eż al. 2001, Schram 2001, Feldmann 
2003, Bush et al. 2004, Albert et al. 2006, Anderson el al. 
2006, Cunha-Ribeiro 2006, Cozzuol 2006, Feijó-Ramos 
2006, Hoorn & Vonhof 2006, Hulka et al. 2006, Kaan- 
dorp et al. 2006, Kay & Cozzuol 2006, Lovejoy et al. 2006, 
Muñoz- Torres et al. 2006, Rebata et al. 2006, Wesselingh 
& Macsotay 2006, Westaway 2006, Almeida-Filho & 
Miranda 2007, Latrubesse et al. 2007, Flynn eż al. 2008, 
Jasper et al. 2008, Mantelatto et al. 2008, Bond-Buckup 
et al. 2010, Leonhardt & Lorscheitter 2010, Shephard eż 
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al. 2010, Anger 2013, Lasso et al. 2013, Wade 2013, 2017, 
Cumberlidge et al. 2014, Perkins 2014, Lovejoy 2017, 
Posada-Swafford 2017, Davis et al. 2018). 

The importance of these geological phenomena that 
I have tried to summarize here can be easily modeled 
through the brachyuran decapod crustaceans, of which 
there is a more or less well documented fossil record since 
the end of the Jurassic (Ortmann 1902, Stevcic 1971, Cis- 
ne 1974, Rodriguez & Diaz 1977, Cracraft 1988, Vega & 
Felman 1991, Malabarba et al. 1998, Von Sternberg et al. 
1999, Feldmann & Schweitzer 2006, Limarino & Spalletti 
2006, Fabbrin Pires & Guerra Sommer 2009, Candeiro & 
Rich 2010, Hoorn & Wesselingh 2010, Haug et al. 2015, 
Klaus ef al. 2017). 


FRESHWATER CRABS OF SOUTH AMERICA 
AND THEIR PECULIAR DISTRIBUTION 
IN THE HIGHLANDS 


Among the decapod crustaceans, the Brachyura is 
the most successful lineage, possessing more than seven 
thousand species with a great variety of morphotypes. 
They have managed to conquer almost every habitat in 
the world, from underwater volcanic vents on the oce- 
anic ridges to the top of mountains at 2,000m above sea 
level. The vast majority of species are marine, but about 
1,300 are freshwater species and some of these are semi- 
terrestrial (Haug eż al. 2015). In the Neotropics we find 
two families of freshwater crabs, the Trichodactylidae, 
restricted almost exclusively to the aquatic environment 
(Diaz & Rodriguez 1977), although there is evidence that 
they can carry out terrestrial migrations under heavy rains. 
These have an altitudinal distribution that goes from ap- 
proximately 0 m a.s.l. to 550 m a.s.l. They are distributed 
in the coastal plains of the Guianas and Brazil, in the great 
fluvial plains of the Amazon, the Orinoco, Paraguay and 
Paraná and in the separate basins of Magdalena and Lake 
Maracaibo. Two genera are also found in southern Mexico 
(Rodríguez 1992). 

The other family, Pseudothelphusidae, represents an 
evolutionary leap for the conquest of terrestrial environ- 
ment, developing pseudolungs to take the atmospheric air, 
transforming their gills to recover sodium and potassium. 
They have a dense cover of hairs in their legs and in the 
gill region to allow the absorption of water from the sur- 
rounding air passing it to the respiratory chamber. In ad- 
dition, they have direct development inside the egg, and 
exhibit parental care. 

Although these are great evolutionary achievements, 
it is still far from possible to consider these organisms as 
terrestrial, since their cephalothorax is still too perme- 
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able and they dry out easily if they are not in contact with 
very humid surfaces. Their altitudinal distribution ranges 
from 400 m a.s.l., up to 2,000 m a.s.l., and extends from 
the State of Sonora in Mexico to the outskirts of Lima in 
Peru, including the Great Antilles (except Jamaica) and 
the Guianas. The family is composed of two subfamilies, 
Epilobocerinae and Pseudothelphusinae. 

Epilobocerinae is the most primitive and has only one 
genus Epilobocera Stimpson, 1860, found in the Greater 
Antilles. The second, Pseudothelphusinae, with five tribes: 
Strengerianini, with four genera: Strengeriana Pretzmann, 
1971, Chaceus Pretzmann, 1965, Martiana Rodriguez, 
1980 and Phallangothelphusa Pretzmann, 1965, dis- 
tributed in northern Colombia. Hypolobocerini, with 
eleven genera: Hypolobocera Ortmann, 1897, Moritschus 
Pretzmann, 1965, Neostrengeria Pretzmann, 1965, Pty- 
chophallus Smalley, 1964, Phrygiopillus Smalley 1970, 
Spirothelphusa Pretzmann, 1965, Camptophallus Smalley, 
1965, Elsalvadoria Bott, 1967, Lobithelphusa Rodriguez, 
1982, Raddaus Pretzmann, 1965 and Achlidon Smalley, 
1964, distributed through the Andes to Peru. Potamo- 
carcinini, with four genera: Potamocarcinus H. Milne-Ed- 
wards, 1853, Typhlopseudothelphusa Rioja, 1952, Odonto- 
thelphusa Rodriguez, 1982 and Allacanthos Smalley, 1964, 
that are distributed across the Atlantic coast from Central 
America to Mexico (Rodriguez 1982). Pseudothelphusini, 
with three genera: Ehecatusa Ng & Low, 2010 (= Epithel- 
phusa Rodríguez & Smalley, 1970), Tehuana Rodríguez 
& Smalley, 1969 and Pseudothelphusa Saussure, 1857, dis- 
tributed from the Atlantic coast of Mexico, crossing to the 
Pacific and extending to the Sierra Madre in Sonora; and 
Kingsleyini, with 10 genera: Eudaniela Pretzmann, 1971, 
Rodriguezus Campos & Magalhães, 2005, Microthelphusa 
Pretzmann, 1968, Neopseudothelphusa Pretzmann, 1965, 
Kingsleya Ortmann, 1897, Orthothelphusa Rodriguez, 
1980, Oedothelphusa Rodriguez, 1980, Prionothelphusa 
Rodriguez, 1980, Fredius Pretzmann, 1967 and Guinotia 
Pretzmann, 1965, distributed from the Venezuelan Andes, 
passing through the Cordillera de la Costa to Trinidad and 
Tobago then turning to the Guiana Shield to the left mar- 
gin of the Amazon (Rodriguez 1982, Campos et al. 2002, 
Campos & Magalhaes 2004, Suárez 2006, 2013, Magal- 
haes & Pereira 2007, Cumberlidge et al. 2009, Magalhães, 
2009, Pereira et al. 2009). 

The presence of both families on the continent is older 
than it had previously been considered. If we observe the 
new models for the Caribbean geologic formation (Me- 
schede & Frisch 1998; Iturralde-Vinent 2003; Klaus el al. 
2017) that show how the Greater Antilles were part of 
Pangea 160 Ma, and considering that the oldest species 
are in the external limit of the distribution of the family 
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(Rapoport 1975), we can assume that the Epilobocerinae 
were already distributed in the north of South America in 
the middle of the Jurassic and could be considered living 
fossils. We now know that brachyuran megalope fossils 
similar to the present ones, already inhabited the oceans 
150 Ma (Haug eż al. 2014). This might explain the dis- 
junct distribution of the subfamily in the Greater Antilles. 

The oldest known fossil record of a Trichodactylidae to 
date is Sylviocarcinus piriformis (Pretzmann, 1968), a spe- 
cies which has currently a disjunct distribution between 
the Lake Maracaibo Basin, the Cesar River Valley and the 
Magdalena River Valley sector between Puerto Boyacá and 
the Gualanday River (Rodríguez 1997, Souza-Carvalho et 
al. 2017, Klaus et al. 2017). This living fossil is possible evi- 
dence of the existence of an opening that allowed the Pro- 
to-Amazonas-Orinoco to flow towards the Pacific, which 
was closed at the end of the Miocene with the rise of the 
Sierra de Perijá and the Venezuelan Andes. This geologi- 
cal event also promoted the uplift ofthe Coastal Range of 
Venezuela and the subsequent colonization of Pseudothel- 
phusidae species along this mountains system (Stephan eż 
al. 1990, Coates et al. 1992, Collins et al. 1996, Murdock 
et al. 1997, Haug & Tiedemann 1998, Haug et al. 2001, 
Restrepo & López 2008, Martinez et al. 2010, Wood- 
burne 2010). 


INSULAR DISTRIBUTION 
OF PSEUDOTHELPHUSID CRABS 
OF THE PANTEPUI 


One of the genera from south of the Orinoco that colo- 
nized these new spaces since the late Miocene, beginning 
in the Andean foothills, is Microthelphusa Pretzmann, 
1968. It has a wide distribution range, from the Cordillera 
de Mérida (Venezuela) through the Cordillera de la Costa 
to Trinidad, here its distribution suffers a disjunction and 
reappears in the southern margin of the Orinoco River, 
from the Venezuelan Guayana, the Venezuelan Amazon, 
Guyana and Surinam to the Amazonas State of Brazil 
(Fig. 1). Altitudinal distribution of the genus ranges from 
500 m a.s.l. to 2,000 m a.s.l. in the north, and from 400 m 
a.s.l. to 1,600 m a.s.l. in the southern margin of the Ori- 
noco, which confers an insular distribution to the spe- 
cies. In addition, Microthelphusa species are associated in 
the base of their altitudinal distribution with other genus 
of greater size that in the case of the species of the north 
range is Rodriguezus Campos & Magalhães, 2004 and in 
those that are in the southern margin of the Orinoco is 
Fredius Pretzmann, 1967. These genera are of large size 
(between 5 and 12 cm of cephalothorax width in the case 
of Rodriguezus and between 4 and 9 cm of cephalothorax 
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Figure 1. Map of the distribution area of the genus Microthelphusa Pretzmann, 1968. 


width in the case of Fredius), compared with Microthel- 
phusa (whose width of cephalothorax oscillates between 
1.5 and 3 cm) (Fig. 2). 

Figure 1 shows the distribution range of species of Mi- 
crothelphusa in the northern border of Venezuela, between 
the Andes to Trinidad and the Orinoco to the Amazon 
River, from the high savannas of Surinam and Guyana, to 
the Tepuis of Venezuela (in Amazonas and Bolivar states) 
and Serra do Aracá in the state of Amazonas of Brazil. 
The lowest altitude species in this group is Microthelphusa 

furcifer Pedraza & Tavares, 2014 (440 m a.s.l.), followed 
by M. roraimensis Suárez, 2015 (900 m a.s.l.) (Fig. 2A), 
M. wymani (Rathbun, 1905) (506 m a.s.l.), M. aracamu- 
niensis Suárez, 2015 (1,000-1,500 m a.s.l.) (Fig. 2C), M. 
rodriguezi Pretzmann, 1968 (800 to 950 m a.s.l.), M. bo- 
livari Rodríguez 1980 (1,000 m a.s.l.), M. meansi Cum- 
berlidge, 2007 (1,135 m a.s.l.) and M. lipkey Magalhães, 
2010 (1,000-1,200 m a.s.l.), M. guaquinimaensis Suárez, 
2015 (1,380-1,400 m a.s.l.) (Fig. 2B), M. marahuacaensis 
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Suárez, 2015 (1,500 m a.s.1.) (Fig. 2D) and M. maiguali- 
daensis Suárez, 2015 (1,500 m a.s.l.) (Fig. 2E) (Table 1). 
All these species are found within what was named Pan- 
tepui, by Mayr & Phelps, Jr (1955). 

“The sandstone plateaus located in the Bolivar and 
Amazonas states of Venezuela and in the border regions of 
Guyana, Suriname, Brazil and Colombia”. This definition 
has an explicit geographic criterion related to the exten- 
sion in surface and height, as well as an implicit biological 
criterion, referring to the conditions of life in the area in 
question (Costa eż al. 2014a). Subsequently, several re- 
searchers offered different interpretations of the term Pan- 
tepui (Múller 1973, Hoogmoed 1979, Steyermark 1979, 
Brown 1987, Neild 1996, 2008), which departed from the 
original concept. To clearly define it from the geographi- 
cal and biological point of view Huber (1987), describes it 
as: “The Pantepui biogeographic province, which is part of 
the Guiana Region, includes the set of orographic ecosys- 
tems developed in the tabular mountains (Tepuis), of the 
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Figure 2. Dorsal view of the cephalothorax and habitus of several species of Microthelphusa Pretzmann, 1968, from the highlands of 
the Venezuelan tepuis, present in the Crustacean Collection of IVIC: A. M. roraimensis; B. M. guaiquinimaensis; C. M. aracamunien- 
sis; D. M. marahuacaensis; E. M. maigualidaensis. 
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Table 1. Altitudinal distribution of the species of freshwa- 
ter crabs of the genus Microthelphusa Pretzmann, 1968. 


. f Altitude 
Species Locality mas 
Species present between the Venezuelan Andes and Trinidad 
M promt Tabay, Merida State, 1,603-1,800 
Venezuela 
Between La Soledad 
M. barinensis and Barinitas, Barinas 530-570 
State, Venezuela 
M. viloriai Santa Ana, Trujillo 1,500 
State, Venezuela 
M. racenisi Rancho Grands, Arama 4 000.000 
State, Venezuela 
El Guacatal, Hacienda 
M. ginesi El Limón, Distrito 1,224 
Federal, Venezuela 
M. turumikiri Mount Turumikire, 1,500 
Sucre State, Venezuela 
Negro River, near the 
M. sucreensis village of Las Cabeceras. 1,730-1,980 
Sucre State, Venezuela 
M. odaelkae Aripo Peak, Trinidad 600-800 


Species present between the Orinoco and the Amazon rivers 


Aracamuni Peak, Amazonas 


State, Venezuela 1,009-1,300 


M. aracamuniensis 


Maigualida Sierra, Amazonas 


M. maigualidaensis State, Venezuela 1,500 
M mara huden Marahuaca Peak, Amazonas 1,500 
State, Venezuela 
SONA a Guaiquinima Peak, 
M. guaiquinimaensis Amazonas State Venezida 1,380-1,400 
. Potaro Siparuni, 
is Wokomung Massif, Guyana 1,135 
; Aracá Mountain, 
M. lipkey Amazonas State, Brazil 1,133 
ae El Dorado-Santa Elena Road, 1,000 
Bolivar State, Venezuela 
Med Mount Roraima, Bolivar 950 
State, Venezuela 
s ; Rupununi River, 
M. rodriguezi Melville, Guyana 827 
: Brownsberg Nature Preserve 
M. wymani Park, Witti Creek, Surinam 506 
. Potaro-Siparuni Region, 
M. fi urcifer Kuribrong River, Guyana 440 
Marauia River, affluent of 
M. somanni the Negro River. Near the 113 


Venezuela Border. Brazil. 
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Roraima Formation of the Guiana Shield, extending from 
1,200-1,500 to 3,045 m a.s.l. It is a tropical orobiome in 
the sense of Walter (1976), the “orobioma tepuyano”, in 
which are included all the ecosystems of the upper slopes 
and summits of the Tepuis, located in the meso- and sub- 
thermal altitudinal tropical floors”. Costa et al. (2014a), 
report the existence of more than fifty tepuis, and present 
a map of their distribution and of the mountain massifs 
that reach at least 1,500 m a.s.l., in the Guiana shield. 

These tabular mountains have fascinated researchers 
and the imagination of the general public for centuries 
since Sir Walter Raleigh described them in his notes “The 
discovery of the great, rich and beautiful Empire of Guay- 
ana”. For Sir Arthur Conan Doyle (1912), in his fictional 
novel “The lost World”, these mountains of vertical walls 
were the reservoir of extinct fauna and flora of the Juras- 
sic (Schubert 1993). However, radio carbon studies car- 
ried out on the peatlands of the Venezuelan tepuis show 
that they are between 8,000 and 9,000 years old before the 
present (Schubert & Fritz 1985, Schubert 1986, 1986a, 
Schubert ez al. 1994). Therefore, it is inferred that the 
present fauna and flora of the tepuis have only developed 
since the Quaternary (Steyermark 1979). 

The majority of the species that cohabit in these moun- 
tains are endemic of the tops where they occur and show 
an insular distribution, in addition they are organisms 
adapted to sudden changes of temperature, low nutrients 
availability, and acid waters, among other factors. Why a 
crab rises to these high peaks in which calcium availability 
in the water is not enough to regenerate their cephalotho- 
rax? Their body size decreases to facilitate oxygen uptake, 
and they develop special strategies for food acquisition, 
such as living inside the tubular leaf tanks of Brocchinia 
species (Magnoliophyta: Bromeliaceae) (Hokche et al. 
2008, Wehrtmann et al. 2016), in addition to increasing 
the size of their eggs to have a more efficient direct devel- 
opment, which makes the number of eggs also smaller, 
thus affecting their reproductive efficiency. 

What makes an animal like that to live in such extreme 
conditions as those of the tepuis? A catastrophic event 
that separates species and creates extreme conditions may 
force species to take this course. But there are more finely 
tuned factors, such as interspecific competition between 
organisms occupying similar niches in ecosystems, Wil- 
son (1959, 1961) coined the term “taxon cycle” to refer to 
variations in the distribution of species on islands. When 
new species arrive, they tend to expand and the range of 
distribution of resident species decreases, to a point where 
they are relegated to the margin of their original distribu- 
tion. If there are elevations in these spaces, it is observed 
that the old species are forced to ascend in altitude and 
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gradually reduce their size. This allows to create a transi- 
tory balance between the new and the old species, marked 
by the altitudinal floors. This has been observed by Rick- 
lefs (1970) and Ricklefs & Eldredge (2002) in birds of the 
Antilles. 

The genus Microthelphusa (Fig. 2), presents a distribu- 
tion that agrees with the statements of this theory, but 
also fits the model of distribution of species enunciated by 
Rapoport (1975), according to which the oldest species 
should be at the outer limit of the distribution of the genus. 
In this analysis Microthelphusa forcarti (Pretzmann 1967) is 
the one that presents the most primitive characters of its ge- 
nus and is located in the Venezuelan Andes (Fig. 2, Table 1), 
we also know that the genus did not go past this point, so 
its expansion towards the north must have coincided with 
the raising of the barrier of the Venezuelan Andes and with 
the gradual migration of the Orinoco towards its current 
drainage. Among the species of the Andean foothills and 
the Coastal Cordillera, it is worth highlighting the case of 
M. ginesi Rodriguez & Esteves, 1972, found above 1,000 m 
a.s.l. in the upper part of the Federal District (Venezuela) 
mountains and Rodriguezus ranchograndensis (Rodriguez 
1966), with a wider altitudinal range in the same moun- 
tains (from 100 to 1,000 m a.s.l.) overlapping the distribu- 
tion area of Microthelphusa ginesi. 

Today Rodriguezus ranchograndensis is found above 
1,200 m a.s.l., and M. ginesi has not been recaptured for 
more than 40 years. Therefore, it appears that the latter 
was displaced by R. ranchograndensis and might currently 
be extinct. The vertical migration of R. ranchogranden- 
sis is directly associated to the urban development at the 
foothills of these mountains, deforestations and pollution 
streams and rivers which forced R. ranchograndensis to go 
up and enter in direct competition with M. ginesi (and 
generally the biggest eats the small one). A similar case is 
observed in the Mount Aripo of Trinidad, where M. odae- 
lkae (Bott 1970) has been substituted by Rodriguezus gar- 
mani (Rathbun, 1898), possibly by the same reasons as M. 
ginesi in Venezuela. This corroborates what was expressed 
by Wilson (1959, 1961) in his “taxon cycle” theory. 

The Microthelphusa species located between the Ori- 
noco River and the northern margin of the Amazon River 
(Fig. 3), present more modern characters in their distribu- 
tion than in areas where there is no record of another bigger 
crab genera. They are found in low altitudinal levels. In ar- 
eas where big Fredius species occur, they are found at higher 
altitudes up to the top of the tepuis. Rapoport (1975), pro- 
posed that the most recent species are found near the distri- 
bution center of the genus, which coincides with what we 
see here. But this is not an exclusive biogeographical pat- 
tern of the genus Microthelphusa, the same can also be seen 
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within the genus Fredius. Fredius cuaoensis Suárez, 2015, 
from the Upper Cuao River, at 1,000 m a.s.L., is the smallest 
species in the genus. Fredius chaffanjoni (Rathbun, 1905) 
occurs in the mouth of this river and in its middle course. 
Being the latter a species of large size, a parallel case to that 
of Microthelphusa appears to occur: both species of Fredius 
segregate at different altitudinal levels. 


CONCLUSIONS 


We currently accept that the extant species of freshwa- 
ter crabs found on top of the tepuis are of Quaternary age 
and that the evolution of at least the new species of deca- 
pod crustaceans, responds to the principles of the “taxon 
cycle” theory. We can also state that these mountains, far 
from being a lost world, are a new world where one can ap- 
preciate with all intensity the force of life and the different 
strategies of evolution that guide it. It should be noted that 
several of these once pristine mountains are now under as- 
sault by indiscriminate tourism that destroys the fragile 
ecology of these spaces. The knowledge of these environ- 
ments is still very poor, so it is not possible to determine, at 
least in the case of the crustaceans, the size of the popula- 
tions and their extension. All specimens known have been 
found in casuistic events, which is why it is observed that 
in the collections there are only two specimens of each spe- 
cies. 

The relatively few scientific expeditions that have been 
conducted to the tepuis were mainly focused on geology 
(Stern 1954, Schubert 1985, 1986, 1986a Barreat et al. 
1986, Colmenares & Terán 1993, Fundación TERRA- 
MAR 1993, Schneider Santos eż al. 2003), botany (Gil- 
liard 1942, Paba Silva & van der Hammen 1960, Molano 
Campuzano 1971, Diazgranados 1979, Huber 1988, Rull 
1991, Fundación TERRAMAR 1993, Estrada & Fuertes 
1993, Galvis Vergara 1994, Riina 1996, Cortes & Franco 
1997, Harbele 1997, Banco de Occidente 1999, Harbele 
& Maslin 1999, Maslin & Burns 2000, Etter 2001, Rull 
et al. 2005, 2009, Rull & Villa-Rubia 2006, Fouquet et al. 
2012), reptiles, birds (Fundación TERRAMAR 1993) 
and butterflies (Costa et al. 2014a, 2014b, 2016, 2017, 
2018, 2019a, 2019b, 2019c, 2020, [2021]a, 2021b). 
Working in the mountains of the green hell, as some have 
called the Amazon rainforest, is not easy. lt is very expen- 
sive and risky, but there is still much to discover. 
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